Rotaviruses, members of the Reoviridae family, comprise seven groups (groups A to G). Group A rotaviruses have been well established as the single most important cause of severe acute gastroenteritis in infants and young children in both developed and developing countries. Each year, they are estimated to cause 111 million episodes of diarrhea requiring only home care, 25 million clinic visits, 2 million hospitalizations, and 325,000 to 592,000 deaths (median of 440,000 deaths) in children of Ͻ5 years of age (30) . The medical, social, and economic burdens associated with rotavirus disease make it imperative to develop and implement a safe and effective rotavirus vaccine. Because serotype-specific protection appears to play an important role against rotavirus disease (for reviews, see references 16, 19, and 21) , rotavirus typing surveillance studies remain essential.
An infectious group A rotavirus particle possesses 11 double-stranded RNA (dsRNA) segments surrounded by three concentric protein layers. The outer capsid consists of VP7 and VP4 proteins that carry independent neutralization and protective antigens (6); antibodies to either protein can confer resistance to virulent rotavirus in a type-specific manner in experimental animals (for a review, see reference 20). Thus far, 15 VP7 (G) and 24 VP4 (P) rotavirus genotypes have been described (20, 25, 26, 29, 33) . Global epidemiological surveys have consistently shown that four G types (G1 to G4) and two P types (P [4] and P [8] ) represent more than 90% of strains of clinical importance globally (9, 22, 38) . A more recent epidemiological analysis of rotavirus G-and P-type distribution, however, has demonstrated (i) the global distribution and clinical importance of type G9 and (ii) the regional distribution and clinical importance of strains with G5, G8, or P [6] specificity (38) . Hence, efforts have been made or are under consideration to develop human rotavirus candidate vaccines that bear such G and/or P types of epidemiological importance (for reviews, see references 21 and 38).
Rotavirus strain surveillance studies have been conducted annually since 1982 in various locations in Brazil (1, 2, 24, 28, 34, 36, 39, 44) . However, a systematic rotavirus surveillance study has never been conducted in the city of Salvador, located in the state of Bahia in Northeast Brazil. It is the third largest city in the country. Here we report the results of a 3-year surveillance study of rotavirus strains among hospitalized infants and young children (Ͻ5 years old) with diarrhea in the city of Salvador, Brazil.
MATERIALS AND METHODS
Specimens. Six hundred forty-eight stool samples were collected from children under 5 years of age hospitalized with acute diarrhea at the Hospital Centro Pediátrico Hosanah de Oliveira in the city of Salvador, Bahia, Brazil, during 1999 (n ϭ 170), 2000 (n ϭ 120), and 2002 (n ϭ 358). All children were from poor areas with low levels of sanitation and socioeconomic backgrounds. The samples were screened for rotavirus by using polyacrylamide gel electrophoresis (PAGE) analysis only (13) . No other viral pathogens were sought.
RNA extraction and typing PCR. Rotavirus dsRNA was extracted from stools by (i) the phenol-chloroform method (10) for PAGE analysis or (ii) the Trizol method (Invitrogen, Carlsbad, CA) for typing PCR. Three different sets (i.e., the H2 pool, C pool, and A pool) (37) of type-specific primers for the VP7 gene and one set of type-specific primers for the VP4 gene (8) were used. The H2 pool contained G1-, G2-, G3-, G4-, G8-, and G9-specific primers (aBT1, aCT2, S3, S4, S8, and aFT9, respectively) (10; 41); the C pool consisted of G1-, G2-, G3-, G4-, and G9-specific primers (9T1-1, 9T1-2, 9T-3P, 9T-4, and 9T-9B, respectively) (5); and the A pool contained G5-, G6-, G8-, G10-, and G11-specific primers (FT5, DT6, HT8, G-10, and BT11, respectively) (11, 17) . P typing was performed with P[4]-, P[6]-, P[8]-, P [9] -, and P [10] -specific primers (1T-1, 2T-1, 3T-1, 4T-1, and 5T-1, respectively) (8) . The dsRNA samples were subjected to 1 cycle of reverse transcription (RT) (42°C, 45 min) followed by 30 cycles of PCR. Each PCR cycle for G or P genotyping contained steps of 1 min at 94°C, 2 min at 50°C, and 3 min at 72°C. The PCR products were analyzed by agarose gel electrophoresis and visualized by staining with ethidium bromide. Rotavirus strains Wa (G1P [8] ), K8 (G1P [9] ), DS-1 (G2P [4] ), P (G3P [8] ), RRV (G3P [3] ), ST-3 (G4P [6] ), OSU (G5P [7] ), UK (G6P [5] ), 69M (G8P [10] ), WI-61 (G9P [8] ), B223 (G10P [11] ), and YM (G11P [7] ) were used as control viruses.
Sequence alignment and phylogenetic analysis. Three G9 samples from Salvador (BA206, isolated in 1999; BA201, isolated in 2000; and BA202, isolated in 2002) were randomly selected. The nucleotide sequence of the VP7 gene of each virus was determined with a BigDye terminator cycle sequencing kit (Applied Biosystems, Foster City, CA) and an ABI PRISM 310 automated DNA sequencer, and the sequence alignment and phylogenetic analysis were done by using the CLUSTAL W algorithm (42) of the MegAlign program in the DNA-STAR software package (Madison, WI). The VP7 gene sequences of selected other G9 strains were obtained from GenBank.
Analysis of the dsRNA of selected rotavirus strains by PAGE. The electrophoretic migration patterns of dsRNAs of the six G9 rotavirus strains (BA187, BA190, BA200, BA201, BA202, and BA206) from Salvador were compared to those of three G9 rotavirus strains detected in Rio de Janeiro, Brazil, in 1997 (strain R44) and 1999 (strains R143 and R168) (36) . The extracted genomic dsRNAs were analyzed on a standard discontinuous 10% acrylamide slab gel with a 3.5% acrylamide stacking gel. The dsRNA bands were visualized by staining the gel with silver nitrate (13) .
Determination of rotavirus subgroup (VP6) specificity by ELISA. The VP6 subgroup specificities of selected G9 rotavirus strains (BA201, BA202, BA206, R44, R143, and R168) were determined by enzyme-linked immunosorbent assay (ELISA) using monoclonal antibodies specific for rotavirus subgroup I (SG-I) (antibody 266/60) or SG-II (antibody 631/9) that were generated at the National Institutes of Health (12) . Briefly, the ELISA plate was coated with an anti-human rotavirus goat serum (930) diluted in carbonate buffer, pH 9.6. One hundred microliters/well of 10% stool suspension or infected cell culture lysates was added to four wells, and the plate was incubated overnight at 4°C. One hundred microliters/well of subgroup-specific (SG-I or SG-II) monoclonal antibody was added to two of the four wells for each sample, and the plate was incubated at 37°C for 1 h, followed by the addition of anti-mouse immunoglobulin G conjugated with horseradish peroxidase and incubation at 37°C for 1 h. The substrate was added to each well, and the optical density values were measured at 450 nm. Rotavirus strains DS-1 (SG-I) and Wa (SG-II) were used as controls.
Nucleotide sequence accession numbers. The nucleotide sequences obtained in this study were deposited in GenBank under the accession numbers AY695809 (BA201), AY695810 (BA202), and AY695811 (BA206).
RESULTS
Two hundred eight of 648 (32%) diarrheal stool samples collected from hospitalized children under 5 years of age during a 3-year period (1999, 2000, and 2002 ) in the city of Salvador, located in the state of Bahia, Brazil, were rotavirus positive by PAGE analysis. G genotypes were successfully determined for 196 of the 208 (94.2%) rotavirus-positive samples; the VP7 gene of 12 strains (5.8%) could not be amplified. The distribution of G types detected in this study is shown in Table  1 . One hundred sixty-four of the 208 samples (78.8%) were identified as rotavirus type G9, mostly in association with P [8] specificity. Other specificities detected were G1 (12.0%) and G4 (1.4%); G2 or G3 viruses were not detected. In 1999, G9 represented 89.2% (33/37) of the rotavirus strains analyzed; in 2000, it represented 85.3% (29/34) , and in 2002, 74.5% (102/ 137) ( Table 1 ). P genotypes were successfully determined for 179 of the 208 (86.1%) rotavirus-positive samples. For 29 samples (13.9%), despite several attempts, the RT-PCR VP4 gene product of such samples could not be obtained and, therefore, we did not have the opportunity to genotype by multiplex PCR and/or sequence analysis. Since all positive samples after firstround RT-PCR were successfully P genotyped, we did not use P-typing primers different from those described in Materials and Methods. All but one sample (99.4%) were typed P [8] ; one sample from 2002 was typed as P [6] . Type P [4] , which is the second most common P type worldwide, was not detected. Both G and P genotypes were determined for 172 (82.7%) samples. The distribution of G-P genotype combinations is shown in Table 2 . G9P [8] (74.5%) was predominant throughout the 3-year surveillance period, followed by G1P [8] (5.8%) and G4P [8] (1.4%).
In this study, we used three different sets (i.e., H2 pool, C pool, and A pool) of type-specific primers in order to identify the VP7 specificities of the isolates, as previously suggested (37) . The H2 pool contains primers specific for G1 to G4, G8, and G9 (10, 41). The G9-specific primer in this pool was chosen from the VP7 gene sequence of the prototype G9 WI61 strain, which belongs to lineage 1. The C pool contains primers specific for G1 to G4 and G9 (5). The G9 primer in this pool was chosen from the VP7 gene sequence of the Indian G9 116E strain, which belongs to lineage 2. The A pool contains primers specific for G5, G6, G8, G10, and G11 (11, 17) . It has been reported that (i) G9 strains in lineage 1 are correctly typed as G9 with both primer pools (H2 and C), (ii) lineage 2 strains can be mistyped as negative or G9/G4 with pool H2 and correctly typed as G9 with pool C, and (iii) G9 strains belonging to lineage 3 can be mistyped as negative, G4, or G9/G4 with pool H2 and correctly typed as G9 with pool C (37). In the present study, 59.8% (98/164) of the G9 strains were mistyped as G4 or a mixture of G4 and G9 by the H2 pool. Furthermore, 40.2% (66/164) strains that gave negative results with the H2 pool were correctly genotyped as G9 by the C pool. Sequence and phylogenetic analyses of the VP7 gene of three Salvador G9 strains (one strain from each year of the study) demonstrated that (i) each belonged to VP7 lineage 3 and (ii) each was closely related molecularly to the G9 strains previously isolated in Rio de Janeiro ( Fig. 1; Table 3 ). The VP7 sequences of Salvador G9 strains isolated in 1999 (BA206) and 2000 (BA201) were shown to be more closely related phylogenetically to those of Rio de Janeiro G9 strains isolated between 1997 and 1999 than to the Salvador G9 strain (BA202) isolated in 2002 (Fig. 1) .
Each of the six G9P [8] rotavirus strains (BA190, BA206, BA187, BA201, BA200, and BA202) from Salvador analyzed by PAGE exhibited a "long" RNA pattern which was similar to that of the G9P [8] strain (R168) isolated in Rio de Janeiro (Fig. 2) . The G9P [6] strain (R143) isolated in Rio de Janeiro demonstrated a "short" pattern, whereas the G9P [9] Rio de Janeiro strain R44 displayed a "long" pattern distinct from those exhibited by Salvador and Rio de Janeiro G9P [8] strains (Fig. 2) .
Five G9 samples (three [BA201, BA202, and BA206] from Salvador and two [R44 and R168] from Rio de Janeiro) that were tested for VP6 were shown to bear subgroup II specificity. A sixth sample, R143 from Rio de Janeiro, was shown to possess subgroup I specificity (data not shown). 
DISCUSSION
Genomic point mutations and accumulations have been proposed to be one of three mechanisms of rotavirus evolution in nature, the other two being genome rearrangements and genetic reassortments (43) . Previous studies have reported either a failure to genotype or the mistyping of contemporary G9 rotavirus strains, due to the accumulation of point mutations at the primer binding site (18, 27, 37) or the occurrence of antigenic variability (4) . In this study, we used two different sets of primer pools (H2 pool and C pool), each of which contained a distinct G9 type-specific primer (aFT9 in the H2 pool and 9T-9B in the C pool), in order to identify correctly the VP7 specificity of the isolates, as previously suggested (37) . The results were consistent with those previously described (37) and demonstrated a great VP7 gene polymorphism among G9 rotavirus strains. These findings reinforce the need for constant monitoring and updating of methods used for rotavirus typing (7, 18) .
The first description of rotavirus type G9 was reported in the United States in the early 1980s (3). Soon after its detection, it disappeared for about a decade but then reemerged in the mid-1990s. Today, type G9 is globally the fourth most common rotavirus genotype detected in humans (38) . Sequence analysis has demonstrated the existence of at least three distinct VP7 lineages among the rotavirus G9 strains (37) . Most of the G9 viruses, which are prevalent around the world today, belong to lineage 3. In Brazil, rotavirus G9 was first detected in 1997 in Rio de Janeiro, located approximately 1,037 miles southeast of Salvador (1, 36) . The G9 strains detected in that study (36) exhibited the same PCR profiles against H2 and C primer pools as those observed in the present study. It is of interest that the VP7 sequences of strains BA206 and BA201, isolated in 1999 and 2000, respectively, are more closely related phylogenetically to those of G9 strains isolated in Rio de Janeiro between 1997 and 1999 than to those of strain BA202 detected in 2002 in Salvador. In addition, each of the six G9P [8] rotavirus strains from Salvador analyzed by PAGE exhibited a "long" RNA pattern very similar to that of strain R168 isolated in Rio de Janeiro in 1999. Furthermore, three strains (BA201, BA202, and BA206) of the six Salvador G9P [8] strains used for VP7 gene sequence analysis and the R168 strain were shown to bear subgroup II specificity. Such observations suggest that (i) the G9 viruses may have spread in Brazil from the Southeast (Rio de Janeiro) to the Northeast (Salvador) and (ii) some level of VP7 gene sequence divergence, albeit subtle, occurred during the spread. In the United States, seasonal rotavirus activity has also been documented to occur in a sequential manner, beginning first in the Southwest from October through December and ending in the Northeast in April or May (45) .
Recently, rotavirus G9 was reported as the predominant strain during two rotavirus seasons (2000-2001 and 2002-2003) among hospitalized children in Belgium (31) . Rotavirus G1 was predominant during the intervening season of 2001-2002. In the current study, we describe the predominance of rotavirus G9 in Salvador, Bahia, Brazil, during at least three seasons (including two consecutive seasons, 1999 and 2000, with a percentage over 85%), among children hospitalized for rotavirus diarrhea. Unfortunately, we could not analyze samples from the 2001 season because they were not collected. G1 viruses (the globally most common G type) have a unique epidemiological characteristic of maintaining predominance during multiple consecutive rotavirus seasons (for a review, see reference 38). We have shown for the first time that G9 viruses also have a similar epidemiological characteristic, albeit for a shorter period of surveillance.
The age distribution of children infected with rotavirus G9 was between 1 month and 3 years old, the same as that of children infected with G1 strains. Unfortunately, we do not have more-detailed information on the severity of the infections; however, all children that participated in this study were hospitalized because of severe diarrhea. Rotavirus G9 has also been reported as the causative agent of severe diarrhea among hospitalized children in other countries (31, 40) . It is interesting that a recent 2-year rotavirus surveillance study in Sweden reported (35) that G9 viruses were the dominant type (42.9%) detected in adults with acute diarrhea, followed by G1 viruses (30.6%), whereas in contrast, during the same period of surveillance, G1 viruses were detected most (72%) in children with acute diarrhea, followed by G9 viruses (20%). The au- thors speculated that these G9 virus infections occurred independently of preexisting immunity (35) . The importance of serotype-specific protection against rotavirus disease is still under discussion (for reviews, see references 16, 19, and 21); however, many vaccine candidates that have been developed are designed to provide antigenic coverage for globally or regionally important G and/or P types (for a review, see reference 38). Considering that rotavirus serotype G9 has emerged as the fourth most common rotavirus serotype detected in humans around the world (38) , future rotavirus vaccine candidates may need to include a G9 component. However, since there is a pronounced diverse VP7 gene polymorphism among G9 rotavirus strains (23, 32, 37) , it is important to determine if a G9 rotavirus vaccine candidate belonging to one VP7 lineage can provide protection against disease caused by G9 viruses belonging to a different VP7 lineage(s). Hoshino et al. (14) analyzed the relationship of the phylogenetic lineages to the neutralization specificities of various G9 strains and reported that antibodies raised against lineage 1 G9 strains, represented by the earliest strains recovered in the United States and Japan, efficiently neutralized the contemporary G9 strains from lineages 2 and 3; however, antibodies against the lineage 3 G9 strains did not efficiently neutralize strains belonging to lineage 1. Thus, it was concluded that the lineage 1 strain should be included as the G9 representative in a multivalent rotavirus vaccine, since it provided the broadest available reactivity to the extant G9 serotype (15) . It is important, therefore, to maintain surveillance of rotavirus strains, particularly in developing areas where mixed rotavirus infections have been shown to promote reassortment with high frequency. Such events may lead to the appearance of new strains or new variants that could escape immune protection induced by an outdated vaccine.
